The main rationale for the implementation of structural reforms favoring free markets is that they, through increased competition, are likely to create incentives to improve the way firms operate i.e. firm efficiency. In this study we measure and analyze total factor productivity and technical efficiency in a large sample of Nicaraguan manufacturing firms. Our analysis indicates that whereas structural reforms may be necessary conditions for the development of developing economies, their expected positive effects on sources of growth such as total factor productivity and technical efficiency could be so slow that it may be necessary to develop sufficient conditions or policy instruments for spurring economic growth in the short run.
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INTRODUCTION
In 1990, when Violeta Barrios de Chamorro took office as the first democratically elected president of Nicaragua in forty years, the economy was suffering from hyperinflation, large fiscal and current account deficits, and decreasing rates of growth of real wages and GDP. In fact, the Nicaraguan economy had been shrinking: In 1989, the real per capita GDP was half of its 1970 level, while exports and manufacturing output amounted to approximately half of their 1977 levels. In this predicament, two immediate objectives of the new administration were to stabilize the economy, by reducing the fiscal, external and monetary disequilibria and to promote long-term growth, by implementing a series of market oriented structural reforms along the lines of the "Washington Consensus", see Williamson (1990) , aiming, among other things, at increased efficiency and productivity of firms and privatized sectors.
The combination of the successful stabilization package of February 1991 and the availability of foreign aid to finance remaining budget deficits succeeded in reducing the inflation rate dramatically by 1992. The two major components of the structural reform program, the privatization of the 351 state enterprises and the liberalization of foreign trade, advanced swiftly. By the end of 1993, a great majority of the state enterprises were returned to their former owners, handed over to the workers, or sold off. By the same time, most non-tariff barriers were eliminated, and tariffs were lowered to the 5%-40% range. The effects of these policies on economic growth have not been apparent; the rate of GDP growth for 1990-1996 was only 2.2%. See Dijkstra (1996) for a complete description and critical appreciation of Nicaragua's structural reforms.
A major argument in favor of structural reform is that privatization and trade liberalization increase competition and alter the structure of incentives facing individual firms in a way that improves their performance. Consequently, structural reforms are likely to affect the productive efficiency and productivity of individual production units and industries as well as entire sectors of an economy. There are numerous macroeconomic studies addressing different aspects of structural reform, while the significance of microeconomic adjustment has been a neglected area. For references to productivity measurement at the 2 microeconomic level in developing countries, see e.g. Roberts and Tybout (1996) and Liu (1993) . The scarcity of this kind of study is most certainly due to limited data availability.
The very object of this paper is, based on plant level data, to study the development of technical (productive) efficiency and total factor productivity during a period of structural reform in a developing country, Nicaragua. Methodologically, the study is based on a stochastic panel data approach estimating total factor productivity and the non- In the next section we present the major elements of the trade reform implemented during the Chamorro Administration and discuss the evolution of the manufacturing sector between 1991 and 1996.
Section III outlines the data and methodology used to estimate total factor productivity and technical efficiency. In Section IV we present the main results of the analysis. Finally, concluding remarks are made in Section V.
I. TRADE REFORM AND MANUFACTURING PERFORMANCE
The industrialization of Nicaragua was closely linked to the establishment of the Central American Common Market (CACM) in 1960 (see Dijkstra, 1996) . A free trade area was formed and protection was raised against other countries. This regional protectionist scheme created a stimulus for the establishment of new manufacturing firms that could serve not only the domestic, but also the regional market. Besides the more traditional industries such as food, beverages, textiles, and leather, industries producing chemicals and metal products were now established. The Nicaraguan economy experienced growth during the period that followed (1960) (1961) (1962) (1963) (1964) (1965) (1966) (1967) (1968) (1969) (1970) (1971) (1972) (1973) (1974) (1975) (1976) (1977) (1978) . The high rate of growth came to an abrupt halt during the 1980s, as the Sandinist revolution and the civil wars that engulfed Nicaragua and other members of the CACM disrupted 3 production and trade. When the Chamorro Administration came into office in 1990, the civil war ended, and a process of structural reform was initiated. A period of slight economic recovery followed. The recovery of 1990-1996 is reminiscent of the 1960-1978 period, in that exports grew faster than production.
In contrast, the manufacturing sector did not play the dynamic role that it played in the 1960s and 1970s 1 .
Why was the growth of the manufacturing sector relatively slow during this period? A possible explanation might be that firms had a hard time adjusting to the new and more competitive environment brought about by the trade reform implemented by the Chamorro Administration. The main elements of this reform were (see World Bank (1994) , Berlinski (1995 Berlinski ( , 1996 and Tello (1995 Tello ( , 1997 : i) the replacement of most non-tariff barriers by tariffs; ii) the gradual reduction of tariffs over time 2 ; and iii) the exemption of indirect taxes on intermediate and capital goods for exports (since 1992). In addition, nontraditional goods exported to non-Central American markets were subsidized, initially at 15% of the FOB value of goods exported and at 5% towards the end of the program. Finally, the Export Processing Zones
Law implemented in 1992 practically exempted exporters in certain geographic regions (such as Las Mercedes) from taxes on exports. Together with the implementation of the trade reform, a crawling peg regime was instituted at the beginning of 1993 with the main objective of avoiding the appreciation of and the potential need for an abrupt devaluation of the Cordoba. In fact, the real exchange rate has remained quite stable since the stabilization plan of 1991 (see Aguilar, Stenman, and Aguilar 1995) . Table 1 provides information on tariffs and growth rates by manufacturing industry between 1990 and 1996. The former are average tariffs of the items listed in the Central American System nomenclature, and the latter are average rates of change of the real value added. The table shows that a large proportion of the cuts in tariffs was implemented relatively early in the process: For some industries, the average tariffs as of December of 1991 were not very different from those of June 1996, while for industries, such as food, leather, and paper, tariffs were raised slightly after the first reductions. 1990 1991 1996 1990-91 1991-92 1992-94 1994-96 1990-96 The trade reform is not the only factor affecting Nicaraguan manufacturing firms. Neither are changes in nominal tariffs a sufficient indicator of the degree of protection enjoyed by the manufacturing 5 sector: The manufacturing sector is still highly protected and recent studies of effective protection by Berlinski (1995 and indicate that the average effective rate of the sector is close to 40%. Moreover, Tello (1997) finds that the export subsidies included in the trade reform package are concentrated to a small number of the exporting firms, implying that tariffs are only part of a larger picture. Furthermore, the inflow of foreign aid played a crucial part in support of the stabilization program. For the period 1990-1994, foreign aid amounted to approximately 30% of Nicaragua's GDP (see World Bank, 1994) , which might have reduced the drastic impact of the stabilization program on aggregate demand.
As mentioned above, a general argument in favor of structural reforms, such as the one implemented in Nicaragua, is the expected improvement of economic performance at the firm and industry levels. In order to obtain a clearer picture of the consequences of the adjustment process, we focus on the individual firm or industry as the unit of analysis. In the next two sections we develop a quantitative analysis of firm/industry level productivity and efficiency change in the Nicaraguan manufacturing sector.
II. DATA AND METHODOLOGY
The data consist of four terms of exports (25%-30%). The 1995 sample is, however, too small to be considered representative.
As Table 2 shows, the data were divided into 4 size groups: large firms (50 or more workers), medium size firms (30 to 49 workers), small firms (10 to 29 workers), and micro firms (less than 10 workers). We define an export firm as a firm that exports part of its annual production at least once during the sample period. Based on this criterion, approximately 15% of the firms in the sample are export firms, and the majority (around 65%) are large firms. On average, the export firms exported between 7.5% and 27.3% of their production (XR), and consequently, their main market has been the domestic market. Table 2 also illustrates the data limitations. Most firms in the sample, have only reported information for one or two years. Naturally, this fact places restrictions on the possibilities of tracing the development of an individual firm over time. In view of the data limitations at hand, we have chosen to use a stochastic, panel data approach to estimate total factor productivity, and a deterministic, non-parametric approach (DEA) to estimate an intertemporal technical efficiency frontier for each industry for the period of observation (1990) (1991) (1992) (1993) (1994) . This is to ensure that we obtain results for as many production units as possible, and the utilization of both approaches also adds to the robustness of the results. We base our computations of total factor productivity (TFP) indices on the following translog production function:
where Y it is the real value of output (base 1994) of firm i in period t; X jit is the real value of input j (base 1994) used by firm i in period t; and ß j , and ß kj are slope parameters of the production function. ε it is a random error for firm i in period t which accounts for measurement errors in Y it and factors uncontrolled by the firm (such as strikes or the weather) that affect their output level. In order to account for industrywide shocks that affect all the firms in the sample in a given year, we include the terms δ t D t , where the D t`s are dummy variables that take a value of 1 for all the observations corresponding to year t and the δ t`s are parameters to be estimated. Finally, α i represents total factor productivity, our central parameter of interest.
The translog production function is flexible enough to allow for the testing of more restricted functional forms. For example, it becomes a Cobb-Douglas production function if we restrict the values of ß kj to be equal to zero. 3 Also, the existence of significant industry-wide shocks can be tested against the hypothesis of no shocks (δ t =0). Since our sample is a panel, the total factor productivity parameter α i can be estimated both as a fixed and as a random effect. We estimated both models, but found that the Hausman test strongly rejected the random effects specification. 4 Therefore, all the results reported are based on the fixed effects specification.
Following Baltagi (1995) , using the socalled Within transformation that wipes out α i, we estimate the parameters ß j , ß kj , and δ t of Equation [1] for an unbalanced panel that includes all the firms with two 9 or more observations. Then, we use the estimated parameters $ , $ , $ β β δ j kj t and to calculate the total factor productivity of each firm as 
The index represents the total factor productivity of firm i as a percentage of the total factor productivity of the most efficient firm. Consequently, TFP i equals 100 for the most efficient firm of the sample.
An underlying assumption in the above calculations of TFP indices is that the firms in the sample share the same basic technology. This assumption can be questioned on two grounds. Firstly, large and small firms may use different technologies-even within the same manufacturing industry. Secondly, technology is likely to differ across manufacturing industries. In order to address these issues, and to test the robustness of our results, we have computed various sets of TFP estimates (see Tables 4 and 5 ). For the computation of the first two sets, TFP1 and TFP2, we used the full sample of 902 observations corresponding to 355 different firms, thus assuming a single technology for the entire manufacturing sector.
We then assumed that technology differs between large and small firms: From a subsample of 504 observations of the 137 firms that, on average, employed 30 or more employees per year, we calculated TFPL1 and TFPL2. Correspondingly, TFPS1 and TFPS2 were estimated based on a subsample of 398 observations of the 218 small firms that, on average, employed less than 30 employees per year. We estimated TFP1, TFPL1 and TFPS1 including time dummies in the production function, and TFP2, TFPL2
and TFPS2 without time dummies. Finally, we assumed that technology differs across industries and obtained industry-specific TFP estimates for 20 manufacturing industries 6 (due to space limitations, these estimates are not presented in this article; they are however, available from the authors upon request; it should also be noted that all technical efficiency estimates presented in Table 6 are based on the assumption that technology differs between industries). TFPb combines the industry-specific indices into a single index for the manufacturing sector. Thus, each TFPb estimate represents the total factor productivity of a firm as a percentage of the total factor productivity of the most efficient firm of the industry in question; see Table   5 .
Given and . 7 The results are presented in Table 5 . The central feature of this method is that there is no need to make any assumptions regarding the functional form of the underlying production function. In DEA, a convex hull is constructed instead of an explicit frontier production function This hull constitutes the production possibility set and is solely based on the actual observations of the different production units of a specific sector or industry. The hull is defined by areas made up by the most efficient units, while the less efficient units are inside the hull. The distance from an observation to the hull constitutes the measure of the unit's technical efficiency; see Figure   1 . The efficiency of a production unit is thus measured relative to the efficiency of all the other production units, subject to the restriction that all units are on or below the frontier.
Farrell (1957) provided a methodology by which technical efficiency could be measured against an efficiency frontier, assuming constant returns to scale. The DEA method is closely related to Farrell's original approach and should be regarded as an extention of that approach. It was further developed and reformulated by e.g. Banker, Charnes and Cooper (1984) , Deprins, Simar and Tulkens (1984) and by Färe, Grosskopf and Lovell (1985) . The method became best known through the works of Charnes, Cooper and Rhodes (1978) who formulated the estimation of efficiency as a Linear Programming (LP-) problem;
efficiency is calculated separately and directly for each production unit in turn, while at the same time the location of the corresponding linear facets is determined. This study applies Farrell type ray measures as generalized into input saving and output increasing efficiency measures by Førsund and Hjalmarsson (1974 , 1979 and 1987 . For a more detailed presentation of different Farrell type efficiency measures and their application to Data Envelopment Analysis, see e.g. Hjalmarsson and Veiderpass (1992) . Furthermore, data considerations i.e. the number of missing observations together with the short time period of study, make a socalled intertemporal frontier approach suitable in this case (see Tulkens and Vanden Eeckaut (1991) ). Assuming the reference production set to be 13 invariant over time, output increasing efficiency estimation is thus made in reference to all the data for all years of observation. It should be noted that in the DEA estimations we assume that technology differs between industries. Consequently, we estimate one (intertemporal) efficiency frontier for each industry of the manufacturing sector.
A Linear Programming-problem must be solved for the different production units to obtain the output increasing efficiency measure under variable returns to scale. For example, for unit d with output y d
and input x d , the LP-problem (where λ d is a vector containing the non-negative weights, λ dj , which determine the reference point) is
[5] subject to the following restrictions:
where, m is the number of outputs, n is the number of inputs and N the number of units. Restriction (5a) implies that the efficiency adjusted volume of output produced by unit d must be less than or equal to the output produced by the reference (frontier) unit while restriction (5b) implies that the volume of input used by unit d must at least amount to the input volume used by the reference unit. Restriction (5c) is the condition for variable returns to scale. If this restriction is omitted, constant returns to scale is implied. Summary measures of efficiency for an entire sector or industry may be constructed in various ways. In analogy with Farrell, this study applies an output increasing structural efficiency measure (S 0 ), based on the E 2 -values of each firm, calculated as the output weighted average efficiency for the entire (5a)
industry in question. In the estimations we use a two input, one output model specification. The inputs are labor (average number of workers employed) and capital (book value, in thousands of 1994 cordobas), while output is the gross value of production (in thousands of 1994 cordobas). The results are presented in Table 6 . Due to space restrictions, we only estimate structural efficiency for 25 of the industries of the Nicaraguan manufacturing sector. These are the 25 industries with the highest number of production units (total number of observations is 972 out of 1211). For complete efficiency estimates of all individual units as well as of industries between 1990 and 1994, see Veiderpass (1997) .
III. PRODUCTIVITY AND EFFICIENCY OF NICARAGUAN MANUFACTURING FIRMS,
1991-1995
Like most developing countries, Nicaragua has a history of subsidizing and protecting the export sector and the large producers. This, in combination with small domestic as well as export markets, would indicate that substantial efficiency gains may be made from increased domestic demand and the exposure to competitive international markets. The Nicaraguan process of structural reform was initiated in 1990, and the full adjustment of firms to changed conditions is a lengthy process. In this study, our aim is to provide an overwiev of the situation during the inital period of adjustment as regards productivity and efficiency change.
Due to the short time dimension of our data, the analyses focus on cross-section comparisons of total factor productivity across different types of firms. When studying the development over time, we calculate results on productivity change for a small sample of 37 firms where data were observed for each year between 1991 and 1994. In addition, we apply intertemporal best practice frontiers when studying the technical efficiency change over the period. Table 3 presents average total factor productivity by firm size. The table also includes average values of labor productivity (PL, defined as value added per worker), capital-labor ratios (KL and SKL, where the first represents machinery and equipment per worker and the second total assets or social capital 15 per worker), the 4-firms concentration ratio (CR, as calculated by Tello (1995) ), number of workers employed (L), nominal tariff (NT), export share of total gross product (XR) and the number of firms in the sample (Ns). The table indicates that total factor productivity increases with firm size; see TFP1 and TFP2.
The TFPL measures indicate that large firms have higher productivity values than medium sized firms, and the TFPS measures show higher values for small firmes as compared to micro-sized firms. Isgut (1996) found indications of a similar relation when studying productivity levels and firm size in Colombia. The measure of labor productivity points in the same direction. The table also shows that larger firms tend to be more capital intensive, belong to concentrated manufacturing industries, and have higher export ratios (XR). There does not seem to be any correlation between firm size and average nominal tariffs. Table 4 presents results according to the degree of export orientation of the firms. It should be noted that the great majority of export firms export less than 20% of their output. Although export firms in general seem to have higher average productivity than non export firms, irrespective of productivity measure, the table shows that the most productive firms are not found in the category with the highest export ratio. The total productivity measures (TFP1 and TFP2) as well as the measures for large and medium sized firms (TFPL1 and TFPL2) and small and micro sized firms (TFPS1 and TFPS2) show that for all firm sizes, the most productive firms are those that export beween 60 and 80 percent of their output.
Another common feature of these firms is also that they are relatively labor intensive as compared to the more export oriented firms.
8 As opposed to Tables 3 and 4 , where average productivity levels are presented, Table 5 illustrates the productivity change over the four-year period. Table 5 summarizes the characteristics of a sub-sample of 37 firms observed each year between 1991 and 1994 (it should be noted that the table presents median firm characteristics). To classify the firms we computed the average of the five measures of TFP change calculated. Firms with negative values were classified as having negative productivity growth (12 firms), firms for which this measure was between 0% and 20% were classified as having moderate productivity growth (12 firms), while firms with an average productivity change of 20% or more were classified as having high productivity growth (13 firms). Four characteristics of the firms deserve to be mentioned. First, the firms with high productivity growth do, on average, have a lower level of productivity than the other firms. This means that these firms are catching up with the most productive firms, reducing the dispersion of productivity levels across firms. Second, the firms in the high productivity growth group are smaller than the firms in the two other groups. Third, there does not seem to be any systematic association between changes in labor demand and productivity growth. Fourth, there does not seem to be an association between productivity growth and export growth. Only five of the 13 firms belonging to the high productivity growth group are exporters, three of which increased their exports while the exports of two firms were reduced. The other groups are also equally divided between firms with increased and reduced export quantities.
Given the short time span of the data, these measures of productivity change should be interpreted with care. They may not be used to predict long term trends in productivity growth. It should also be kept in mind that the number of observed firms is small, and caution should therefore be exercised in extrapolating the above observations to the entire manufacturing sector. Nevertheless, the results are informative with regard to the immediate adjustment of a small, but representative group of firms.
A final question with regard to productivity change, is whether some industries appear to have done consistently better or worse than others. The answer is yes. The five firms in the sample belonging to printing and non-metallic products are all in the high productivity growth group. The two firms belonging to footwear, beverages and tobacco are in the low productivity growth group. However, firms belonging to other industries, such as plastics and sugar, are represented in each of the different productivity growth groups. This observation suggests that the initial effect of the structural reform may be cutting across 18 manufacturing industry sectors, independently of comparative advantage considerations. Although trade reform may be expected to have a stronger effect on the industries that afforded the largest reductions in tariffs, as is certainly the case of footwear, beverages and tobacco, the more competitive environment may be affecting firms independently of industry. To further enhance our knowledge of the changes in performance of the different industries of the manufacturing sector over the four-year period, Table 6 illustrates the observed development of technical efficiency. The estimations are based on the assumption that technology differs between industries, and that consequently, individual estimates are industry specific, i.e the actual values of each industry relate to an intertemporal (four-year) best practice (efficiency) frontier for the industry in question.
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As mentioned above, this study focuses on output increasing efficiency, and structural output increasing efficiency measures indicate the output increasing potential for an entire industry. For example, as seen in Table 6 , in 1991 Industry 1541, on average, produced 80 percent of the output that would have been possible to produce with the same amount and combination of inputs had the production been fully efficient. We also see that the industry is moving away from the efficiency frontier, i.e efficiency is declining and in 1994 S 0 has fallen to 49 percent. publishing) do we find clear evidence of increased efficiency over the period. As was the case when studying productivity change, in every industry there are both "winners" and "losers" among the individual producers as regards efficiency change.
Although we did not find any indications of links between productivity growth and export, an interesting question is whether there is any significant difference between the efficiency change of export oriented industries as opposed to non-export industries. Of the three industries with increasing efficiency, a majority of the firms in Industry 1512 export their product, while only one export firm is found in 1912 and none in 2219. Veiderpass (1997) also found that while for some firms the individual efficiency of the export firms appeared to be higher than the efficiency of the non-export firms, the situation was quite the opposite in other industries. There is, however, not sufficient information available to allow any testing to reach a definite conclusion. The same also applies to the issue of potential correlation with firm size.
CONCLUSION
The Nicaraguan manufacturing sector played a dynamic role during the 1960s and 1970s, growing at a higher rate than both overall GDP and exports (see Endnote 1). However, its performance during the initial phase of the structural reforms implemented by the Chamorro administration was lackluster. The main rationale for the implementation of structural reforms favoring free markets is that they, through increased competition, will create incentives to improve firm performance. The full adjustment of firms to changed conditions is, however, a lengthy process and it is too early to write an epitaph, either for the structural reforms or for the manufacturing sector.
The study of the performance of individual firms and industries in periods of structural reform has been a neglected area. Data restrictions are most certainly the cause of the scarcity of this kind of study.
This study is an attempt to fill part of that vacuum by measuring total factor productivity and technical efficiency change of individual firms as well as of individual industries of the manufacturing sector, using 21 the most complete microeconomic data set available on Nicaragua. Although data limitations naturally were present, it was nevertheless possible to obtain sufficient information to provide a stable basis for estimations of productivity as well as of efficiency change.
The cross-section analyses suggest that large firms and export firms in general are among the most productive firms of the Nicaraguan manufacturing sector. Although export firms in general seem to have high average productivity, the most productive firms are not found among the firms with the highest export ratio.
When studying the productivity change over time, we find indications of catching up. Firms characterized by high productivity growth usually have relatively low initial productivity. On average, the productivity growth of the firms with high initial productivity levels, i.e. large firms, is generally slower than the growth of firms with lower initial productivity. Thus, the firms with relatively high growth rates are the small firms. Although we identified a few manufacturing industries that may be considered net winners or net losers with regard to productivity growth, the general picture is that within each manufacturing industry there are both winners and losers.
The fact that all industries include winners and losers is also reflected in the study of technical efficiency change. Another fact that is obvious is that the adjustment process is slow. During the four years of study, we find that structural efficiency increased substantially in only three industries. In the rest of the industries efficiency either declined or remained more or less unchanged.
In developed economies, efficiency gains are often acheived by substituting capital for labor. There are several reasons why this is not an appropriate first step in a developing economy like Nicaragua. Using more of the relatively cheaper production factor, labor, is often the most rational choice for a firm. As indicated in this study, the relatively labor intensive firms that export between 60 and 80 percent of their output are the most productive export firms (Table 4) . Furthermore, we do not find any indications of a positive relationship between reduced labor demand and productivity growth (Table 5 ). In addition, capital growth must take place at a rate that is consistent with the rate of growth of human capital.
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If the expected positive effects of structural reforms on essential sources of growth, such as total factor productivity and technical efficiency, are slow, it may be necessary to develop complementary microeconomic policy instruments to create sufficient conditions for spurring economic growth in the short run. Borner, Brunetti and Weder (1995) point to the importance of institutional reforms aimed at a better enforcement of property rights. Other examples of microeconomic policies are the facilitation of investment in human capital, the development of different kinds of crucial service markets, the main purpose of which being to provide information, and the enhancement of firm level efficiency and productivity by establishing markets that generally do not exist in developing countries, such as markets for marketing, financial and organizational services. For a more detailed discussion on the topic of short run policy instruments to enhance economic sources of growth, see Tello and Tyler (1997) . 2 However, a change in the tariff reduction schedule implemented in 1994 raised the nominal tariffs slightly in some sectors. From 1990 to mid-1994 there were four import duty rates: the DAI (external common tariff), the ITF (fiscal tariff), the IBS (surcharge on luxury goods) and the IEC (specific consumption surcharge). From mid-1994 the last two rates were replaced by the ATP (temporal protection rate) with the main objective of protecting the socalled "fiscal industries" (beverages and tobacco).
APPENDIX
3 An example of a more flexible production function is the trending frontier model proposed by Koop, Osiewalski, and Steel (1995) , in which the parameters of the translog production function have linear or quadratic time trends. We decided not to implement such a model because of the short time dimension of our panel.
4 It is not surprising that the random effects model was rejected. There are reasonable theoretical grounds to believe that total factor productivity is not independent of the observed production inputs. See e.g. Isgut (1996) for further discussion (and an application to Colombia).
5 We deflated all the nominal variables by the CPI (1994=100). Specification tests rejected the significance of a fourth factor, energy, that we used in our regression analysis. We used two alternative definitions of capital(machinery and equipment and total assets of the firm), but the results were virtually identical irrespective of definition. Additional tests (not reported here) rejected restricting the translog production function to a Cobb-Douglas function.
6 Due to degrees of freedom limitations, we did not include time dummies in this case.
7 The notation used for the measures of TFP change corresponds to that used for the TFP indices. For example, ∆TFP1 is the measure of change in TFP1. The only difference is that we combine the measures of TFP change for small and large firms into two single measures: ∆TFPLS1 and ∆TFPLS2. If the firm is large, these measures represent the change in productivity with respect to TFPL1 and TFPL2; if it is small they represent changes in TFPS1 and TFPS2.
